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Association between early renal replacement therapy
and better survival has been reported in adults with
postoperative kidney injury, but not in children undergoing
cardiac surgery. We conducted a retrospective cohort study
of 146 neonates and infants requiring peritoneal dialysis
following cardiac surgery in a tertiary referral hospital. A
propensity score was used to limit selection bias due to
timing of dialysis, and included baseline and intraoperative
characteristics, requirement for postoperative extracorporeal
membrane oxygenation, and creatinine clearance variation.
Inverse probability of treatment weighting resulted in good
balance between groups for all baseline and intraoperative
variables. After weighting, 30-day and 90-day mortality were
compared between the 109 patients placed on dialysis early,
within the first day of surgery, and those with delayed
dialysis, commencing on the second day of surgery or later,
using logistic regression and survival analysis. Mortality was
28.1% at 30 days, and was 36.3% during follow-up. Early
dialysis was associated with a 46.7% decrease in the 30-day
and a 43.5% decrease in the 90-day mortality rate when
compared with delayed dialysis. All other short-term
outcome variables were similar. Thus, initiation of peritoneal
dialysis on the day of or the first day following surgery
was associated with a significant decrease in mortality in
neonates and infants with acute kidney injury.
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Reported incidence rates of acute kidney injury (AKI)
requiring renal replacement therapy (RRT) after pediatric
cardiac surgery have varied from 2.1 to 17% over the past
decade.1–4 AKI following cardiac surgery is a major
determinant of short- and long-term survival in adults and
children2,3,5–9 and was associated with mortality rates as high
as 40% in children requiring RRT.2 Mortality in patients with
severe AKI has remained stable despite improvements in
surgical technique, perfusion, and postoperative support, and
the factors associated with death in children are: hemody-
namic impairment and hyperlactatemia,2 respiratory distress
and mechanical ventilation at the time of RRT commence-
ment,2,3 and chromosomal disorders.3 The literature contains
several observational studies and three randomized con-
trolled trials in adults with multiorgan failure and AKI,
showing a survival benefit with early RRT.10–16 The exact
criteria for ‘early’ differed, however, in all studies, and
preventive interventions in AKI have been disappointing.
Thus, current data in the literature remain inadequate to
answer the question related to optimal timing of RRT.
Continuous veno-venous hemofiltration commenced within
1 day of surgery appeared to be linked to better survival in a
study in adults with AKI following cardiac surgery.13 To date,
there is no data linking timing of RRT to survival in children
with AKI. Before evaluating the potential effect of early RRT
prospectively, we conducted a retrospective cohort study
to asses associations between the time from surgery to
peritoneal dialysis (PD) and mortality in neonates and
infants undergoing cardiac surgery at our institution.
RESULTS
Overall, 3550 cardiac procedures were performed in patients
younger than 1 year during the study period: 95 of 1510
neonates (6.3%) and 51 of 2040 infants (2.5%) required
PD. The surgical complexity increased, the time to dialysis
shortened and the mortality rate decreased over the study
period in patients with PD, as shown in Figure 1. Time to PD
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ranged between 0 and 21 days, median 1 day. The most
prevalent surgical procedures in patients with PD are shown
in Table 1.
There were 46 deaths (28.1%) at 30 days and 53 deaths
(36.3%) during follow-up among patients with PD. The
median follow-up was 55 days, interquartile range: 15–378
days. The median follow-up among survivors was 188 days,
interquartile range: 59–552 days and the 90-day follow-up
completed in 76.7% subject. Eight patients died after day 30,
and one patient died after hospital discharge. Overall causes
of death were: extensive myocardial injury, pulmonary
hemorrhage, modified Blalock shunt thrombosis, sepsis,
severe pulmonary hypertension, pneumonia, multiorgan
failure, and sudden cardiac arrest without obvious cause.
No death was directly attributable to PD. Patients in the early
PD group had a lower 30-day mortality rate, 22.9% vs.
43.2%, P¼ 0.02, and a lower 90-day mortality rate, 27.5% vs.
51.3%, P¼ 0.02 when compared with the delayed PD group.
Survival probabilities are shown in Figure 2. After adjusting
for the year of operation, the 30-day and 90-day mortality
rates were lower in the early PD group when compared with
the delayed PD group, adjusted odds ratio¼ 0.40, 95%
confidence interval (0.18–0.93), P¼ 0.03, and adjusted hazard
ratio¼ 0.52, 95% confidence interval (0.29–0.85), P¼ 0.03,
respectively.
The lowest creatinine clearance (CCr) was attained within
a median delay of 3 days, interquartile range¼ 2–4 days.
Overall, 83.5% of the study patients met the CCr criteria for
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Figure 1 | Time to initiation of peritoneal dialysis and concomitant creatinine clearance (CCr) variation, surgical complexity,
intraoperative characteristics, and overall mortality rates across the study period. Mean values across the study period are shown
using a loess smoother estimate. Surgical complexity is accounted for by the Basic Aristotle Complexity score. P-values were estimated by
analysis of variance. Data density is illustrated by thick marks at the bottom of the figure. CPB, cardiopulmonary bypass; PD, peritoneal
dialysis.
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the pRIFLE ‘Injury’ or ‘Failure’ stages. At discharge, 38
patients were classified pRIFLE ‘Risk’, 20 were classified
‘Injury’, and no patient was classified ‘Failure’. No patient was
at the ‘loss of function’ stage but one patient required PD for
more than 4 weeks and died on day 76.
Propensity score analysis
The propensity score model that resulted in the best balance
between groups included the variables shown in Table 2.
Early PD was found to be associated with age, with complex
procedures requiring long aortic cross-clamping durations
and deep hypothermic circulatory arrest. The postoperative
extracorporeal membrane oxygenation requirement was
associated with delayed commencement of PD. When PD
was commenced early, the concomitant variation of CCr
relative to baseline was smaller. The propensity score model
had good discrimination, c index¼ 0.78, and explained 31%
of the variability in the data set (R2¼ 0.31). There was a good
overlap of the propensity score among groups: mean¼ 0.81,
s.d.¼ 0.15 in the early PD group, and mean¼ 0.56,
s.d.¼ 0.27 in the delayed PD group. All baseline, intraopera-
tive, and early postoperative variables were well balanced
between groups after inverse probability of treatment
weighting (IPTW), as shown in Table 3. Thus, groups were
rendered comparable with regard to all these covariates, and
no further adjustment was required for the outcome analysis.
Short-term outcome and mortality rates were compared
between the groups after IPTW weighting. Table 4 shows a
significant 46.7% relative decrease of 30-day mortality rate
and a significant 43.5% relative decrease of 90-day mortality
rate in the early PD group when compared with the delayed
PD group. Both CCr variation at initiation of PD and the
largest variation over time were lower in the early PD
group before weighting, but after IPTW-weighting, groups
became similar with regard to severity of AKI, as shown in
Tables 3 and 4. Albeit not statistically significant, the delay to
sternal closure, and durations of mechanical ventilation and
intensive care unit stay were shorter in the early PD group.
PD complications
Overall 52 complications related to PD were recorded in 44
patients, mainly mechanical: dysfunction of the catheter
(leakage at the insertion site, displacement, or insufficient
Table 1 |Most common procedures performed in neonates
and infants with AKI placed on peritoneal dialysis during the
study period
Total anomalous pulmonary venous connection repair 18
Norwood procedure 16
Arterial switch operation and ventricular septal defect repair 12
Arterial switch operation 10
Tetralogy of Fallot repair 9
Arterial switch operation, ventricular septal defect, and coarctation
repair
8
Shunt, systemic to pulmonary 8
Aortic arch repair 7
Aortic stenosis in the neonate, valvuloplasty 7
Coarctation repair 6
Truncus arteriosus repair 5
Anomalous origin of coronary artery from pulmonary artery repair 5
Complete atrioventricular canal repair 5
Ventricular septal defect and coarctation repair 5
Ventricular septal defect 5
Valvuloplasty, mitral 4
Konno procedure 3
Absent pulmonary valve repair 2
Other 11
Abbreviation: AKI, acute kidney injury.
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Figure 2 |Ninety-day survival among patients with early
and delayed peritoneal dialysis. Survival is shown using
Kaplan–Meier curves. Patients with peritoneal dialysis (PD)
commenced on the day of surgery or on the day following
surgery (‘Early PD’ group) had a better 90-day survival compared
with patients in whom PD was commenced on the second day
following surgery or later (‘Delayed PD’ group), 72.5% vs. 48.7%.
The P-value refers to the between group difference assessed by
the result of the log-rank test¼ 5.7, with 1 degree of freedom.
Table 2 | Variables included in the propensity score model
along with their estimates and standard errors
Variable
Coefficient
estimate s.e. P-value
Age (days) 1.46 0.93 0.07
Duration of aortic cross-clamping 0.01 0.005 0.02
With deep hypothermic circulatory arrest 1.03 0.54 0.06
Conventional ultrafiltration rate (ml/kg/min of
bypass)
0.09 0.17 0.59
Requiring extracorporeal membrane
oxygenation postoperatively
2.81 0.82 o0.001
Variation of creatinine clearance at initiation of
peritoneal dialysisa
3.25 1.34 0.01
The propensity score accounted for the probability of being placed on peritoneal
dialysis on the day of surgery or on the first day following surgery.
aRelative to baseline.
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drainage), hydrothorax, but also hemoperitoneum at inser-
tion or withdrawal of the catheter, and bowel perforation.
Peritonitis was the only infectious complication recorded.
Most complications were minor, such as leakage, sponta-
neously resolved hydrothorax, and mechanical dysfunction
requiring replacement of the catheter. In all, 14 patients had
Table 3 | Patient, cardiopulmonary bypass, and surgery characteristics before and after inverse probability of treatment
weighting
Before weighting
After inverse probability of
treatment weighting
Early PD group
(n=109)
Delayed PD group
(n=37)
Standardized
difference P-value
Standardized
difference P-value
Age (days) 42.2±65.6 40.0±58.2 0.03 0.85 0.04 0.86
Weight (kg) 3.65±1.1 3.5±1.2 0.04 0.82 0.04 0.87
Sex: male 76 (69.7) 22 (59.5) 0.21 0.25 0.24 0.36
Chromosomal disorder 9 (8.2) 4 (10.8) 0.09 0.64 0.02 0.93
Cyanosis 63 (57.8) 22 (59.4) 0.03 0.86 0.21 0.28
Surgical complexity (Basic Aristotle score 48) 86 (79.8) 21 (56.8) 0.48 0.006 0.23 0.40
Redo procedure 5 (4.6) 2 (5.4) 0.04 0.99 0.20 0.34
With cardiopulmonary bypass 106 (97.2) 32 (86.5) 0.38 0.01 0.02 0.90
Duration of cardiopulmonary bypass (min) 178.4±81.5 146.1±121.8 0.31 0.14 0.09 0.78
With aortic cross-clamping 104 (95.4) 31 (83.8) 0.37 0.02 0.01 0.93
Duration of cross-clamp (min) 80.0±39.7 63.7±49.5 0.36 0.07 0.23 0.40
With deep hypothermic circulatory arrest 42 (38.5) 6 (16.2) 0.48 0.01 0.13 0.64
Conventional ultrafiltration (ml/kg/min) 1.8±1.2 1.7±1.1 0.07 0.69 0.02 0.92
Requiring delayed sternal closure 84 (77.1) 25 (67.6) 0.21 0.25 0.03 0.89
Requiring extracorporeal membrane oxygenation 3 (2.7) 8 (21.6) 0.55 o0.001 0.02 0.67
Requiring surgical revision within 24 h 7 (6.4) 5 (13.5) 0.23 0.17 0.02 0.78
Creatinine clearance at initiation of PD (ml/min per
1.73m2)
31.0±13.3 26.2±13.0 0.37 0.05 0.20 0.96
Creatinine clearance variation at initiation of PDa (%) 46.8±23.2 59.6±15.2 0.65 o0.001 0.05 0.58
pRIFLE ‘Injury’ or ‘Failure’ at initiation of PDb 58 (53.2) 28 (75.7) 0.46 0.02 0.01 0.56
Abbreviation: PD, peritoneal dialysis.
Data are shown as means±s.d, or as numbers (percentages).
aRelative to baseline.
bPediatric RIFLE classification.24
Table 4 | Short-term outcome and characteristics of peritoneal dialysis among the early and the delayed PD groups, before and
after inverse probability of treatment weighting
Before weighting After IPTW weighting
Early PD
(n=109)
Delayed PD
(n=37) P-value Early PD Delayed PD
Average treatment
effect (95% CI) P-value
Lowest creatinine clearance (ml/min per
1.73m2),a mean±s.d.
22.9±13.7 20.4±9.5 0.22 21.8±13.0 24.6±11.6 10.59 (4.41 to 4.30) 0.32
Largest relative drop in creatinine clearance
(%)a, mean±s.d.
46.8±23.2 59.6±15.2 o0.001 63.9±16.6 62.6±12.0 1.28 (7.48 to 6.94) 0.70
pRIFLE ‘Injury’ or ‘Failure’,a n (%) 88 (84.7) 34 (91.9) 0.13 82.9 82.6 0.43 (19.80 to 25.04) 0.97
Duration of peritoneal dialysisb (days),
mean±s.d.
3.5±3.0 4.1±4.0 0.57 3.6±2.9 2.8±2.8 0.73 (0.71 to 1.99) 0.08
Patients with complications of peritoneal
dialysis, n (%)
32 (32.4) 12 (29.3) 0.72 28.5 34.6 6.08 (25.91 to 12.97) 0.61
Patients with severe complications of
peritoneal dialysis,c n (%)
21 (18.9) 7 (19.3) 0.96 18.7 23.8 5.10 (25.67 to 11.24) 0.65
Delay to sternal closureb (days), mean±s.d. 3.7±3.7 5.8±5.6 0.16 3.7±3.7 3.8±4.1 0.12 (2.32 to 1.50) 0.41
Number of days on catecholamine infusion,b
mean±s.d.
12.4±9.0 15.8±11.3 0.25 12.5±8.8 16.0±14.3 3.51 (13.06 to 3.87) 0.45
Peak plasma lactate (mmol/L),d mean±s.d. 8.2±5.0 9.8±6.5 0.18 8.7±5.6 7.9±5.5 0.78 (1.37 to 2.90) 0.53
Duration of mechanical ventilationb (days),
mean±s.d.
12.2±9.1 18.6±14.0 0.08 12.3±8.9 16.5±13.9 4.24 (14.13 to 2.63) 0.49
Length of the intensive care unit stayb (days),
mean±s.d.
17.7±11.9 25.8±16.2 0.06 17.8±11.8 25.2±17.9 7.33 (17.60 to 2.26) 0.75
30-Day mortality rate, n (%) 25 (22.9) 16 (43.2) 0.02 24.1 45.2 21.10 (40.50 to 0.80) 0.04
90-Day mortality rate, n (%) 30 (27.5) 19 (51.3) 0.02 28.6 50.6 22.10 (42.11 to 2.02) 0.002
Abbreviations: CI, confidence interval; IPTW, inverse probability of treatment weighting; PD, peritoneal dialysis.
aDuring hospital stay.
bIn hospital survivors.
cSuch as hydrothorax, hemoperitoneum, bowel perforation, and peritonitis.
dDuring hospital stay, after replacement of missing measurement by the median of the recorded measurements.
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severe complications such as hemoperitoneum, bowel
perforation, and peritonitis. With an overall cumulative PD
duration of 636 days, complications occurred every 12.2 days,
but severe complications occurred only every 45.4 days.
Table 4 shows that there was no difference between the
number of complications or severe complications per day on
PD among groups. No patient with bowel perforation
required further surgery. Episodes of peritonitis were treated
successfully with antibiotics.
DISCUSSION
In this cohort of neonates and infants with AKI following
cardiac surgery, initiation of PD on the day of surgery or on
the first day following surgery was associated with a
significant decrease in 30-day and 90-day mortality.
The association between a shorter delay to PD and better
survival after cardiac surgery has already been reported in
adults,13 but not in children. The propensity score strategy
carried out in this study enabled us to limit bias due to the
selection of subjects placed on PD early, a decision made by
the attending physician, and which depended on patient and
surgical characteristics, with earlier PD in the late period of
the study.
Incidence
The incidence of PD in the present study, 6.3% in neonates
and 2.5% in infants, was within the range of 2.1–17%
generally reported over the past decade.1–4 Variability in the
reported incidence is probably multifactorial, with indication
for PD being probably the most important factor. When
providing the use of PD as a routine adjunctive therapy for
postoperative fluid management, this guideline may result
in PD rates as high as 53% in very young patients.9,17,18
The lower PD incidence rate in the most recent reports
is probably due to improvements in intraoperative fluid
management. Second, there is no preset postoperative serum
creatinine (SCr) threshold for RRT in young children,
because SCr does not accurately depict kidney function until
a steady state has been reached, which is unlikely in the
early postoperative period.19 Therefore, the only generally
accepted—but still subjective—criteria for RRT in young
children remain fluid overload, low cardiac output syndrome,
and an inadequate urine output. Unfortunately, literature
shows that there is no consensus with regard to what different
authors consider to be an appropriate urine output early after
cardiac surgery, and the threshold to initiate RRT varies
between 0.5 and 2 ml/kg/h in this situation.1,3,9,17,18,20 Finally,
most reports have examined heterogeneous populations,
including neonates as well as young adults. By selecting a
homogeneous high-risk group, we avoided the strong
confounding influence of age.1 However, other factors must
affect the reported incidence of severe AKI in children with
cardiac surgery, as in a population very similar to ours, albeit
smaller (109 neonates and infants with a median age of 9.6
months), and applying similar PD criteria, Pedersen et al.1
reported a almost doubled incidence of 11.5%.
Outcome
Albeit criticized, mortality is the most popular and reliable
outcome measure used to describe quality of care after
congenital cardiac surgery.21 The 30-day and overall mortal-
ity rates during follow-up were 28.1% and 36.3%, respec-
tively, within the recently reported range of 20 to 40%.1–4
Several studies have shown a strong association between the
incidence and severity of AKI, and mortality in adults with
cardiac surgery.5–7 Recently, AKI severity has been shown to
be associated with incremental in-hospital mortality, longer
inotropic support, and mechanical ventilation in infantso90
days undergoing cardiac surgery too.9 Prognosis in adults
with severe AKI has been shown to be related to early
continuous veno-venous hemofiltration after cardiac surgery,
with survival doubled when hemofiltration started on the day
of surgery.13 To date, no pediatric study has compared early
and delayed RRT, but several publications have pointed out
the degree of fluid overload as a determinant of outcome in
children with AKI. They showed that levels of fluid overload,
ranging 15–25% at the time of continuous veno-venous
hemofiltration commencement, were twice as high in non-
survivors,22,23 suggesting a beneficial effect of early therapy.
Consistently, lower mortality rates were observed in patients
with early PD. Although not statistically significantly, the
durations of inotropic support, mechanical ventilation, and
intensive care unit stay were shorter in patients with early PD.
Fluid overload is common after cardiac surgery in small
infants, and early resolution of fluid overload could explain
the beneficial effect of early PD reported here.
Severity of AKI
A reliable definition of AKI following pediatric cardiac
surgery is lacking. Here, AKi stage was assessed according to
the CCr criteria of the pRIFLE classification.24 The pRIFLE
criteria were developed in a critically ill pediatric population
aged 1 month to 21 years, and have not been evaluated in
neonates undergoing cardiac surgery. Thus, they may have
been inappropriate in this situation. The ‘Failure’ stage, as
defined by urine output, is reached when oliguria (o0.5 ml/
kg/h) lasts more than 24 h or anuria more than 12 h. Several
authors, however, consider that very young patients with
urine output of less than 1–2 ml/kg/h for more than 4 h in the
early postoperative period require RRT.3,9,17,18,20 Because our
practice was similar, we assigned patients to AKI strata
according to the CCr, regardless of urine output.
Time to PD shortened over the study period, but the lower
mortality rate observed in the early PD group was not related
to the treatment of less severe AKI. PD has been provided for
routine perioperative fluid management at several institu-
tions, even in patients who never meet the creatinine criteria
for AKI,9,17,18 but this was not the case here. Although CCr
variation concomitant with PD initiation was lower in the
early group, this was only due to the slow increase of SCr, and
IPTW weighting resulted in groups with similar impairment
of glomerular filtration, as shown in Table 4. Furthermore,
the lowest CCr was reached within a median delay of 3 days
478 Kidney International (2012) 82, 474–481
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in the present study, whereas the median delay to PD was
1 day. Thus, AKI severity might have been underestimated in
the early PD group, as PD results in a CCr of 2–10 ml/min per
1.73 m2 in neonates.25
Another challenge in reporting AKI severity is related to
the ascertainment of ‘baseline kidney function’. It is generally
agreed that SCr does not reliably estimate CCr in neonates
aged o48 h; instead it reflects maternal SCr.26 We assumed
normal baseline kidney function in all patients, as recom-
mended in conditions where baseline function data are
unavailable,27 however, this method has not been validated in
pediatric populations.
PD complications
PD is the oldest and probably the safest RRT method in the
very young patient.20,28 The reported complications rate with
PD range from 4.8%, when only severe complications, such
as peritonitis, bowel perforation, and hemoperitoneum, are
considered, to 39% when including even minor metabolic
disturbances, such as hyperglycemia and hypokalemia.17,18
The most common complication is dysfunction of the PD
catheter, which requires catheter replacement. Our results are
similar. Severe complications occurred every 45.4 days of PD
and concerned 14 patients (9.6%). However, data on PD
complications were collected retrospectively by chart review,
and we cannot exclude the possibility that we were missing
information about minor complications. In contrast, major
and clinically relevant complications were most likely to be
recorded. The results in Table 4, showing similar PD
complication rates but lower mortality rates in the ‘early
PD’ compared with the ‘late PD’ group, may suggest that
mortality in AKI patients was not related to PD complica-
tions, consistent with findings from a previous study.20
Limitations
The retrospective design of this study requires that the
validity of our finding be considered with caution, and that
no conclusion of causality between early PD and better
outcome be drawn. Our practices have changed over the past
decade; we now respond earlier and more aggressively to
postoperative AKI. Overall mortality slightly decreased over
the past decade too. The effect of other concomitant
improvements in surgical and medical management of
congenital cardiac diseases throughout the study period
cannot be ruled out, as, because of the period dependency of
time to PD, the year of operation could not be controlled for
in the propensity score. The present study was single center
based and small sample sized, and did not establish the
optimal timing of RRT after cardiac surgery in small infants,
which remains controversial. Unfortunately, no objective
measurement of fluid overload was stored in the database,
and the retrospective design of the study did not allow a
reliable assessment. Due to its design, the present study did
not explore associations between AKI stage and mortality,
between the occurrence of PD complications and mortality,
nor identify risk factors for death in patients with PD.
MATERIALS AND METHODS
This retrospective cohort study used data from the files of all
neonates and infants who underwent congenital heart surgery from
1 January 2000 to 31 December 2009 at Necker–Enfants Malades
University Hospital, Paris, France. PD was the only RRT method
used for these patients throughout the study period. Patients
underwent surgery in normothermia or mild hypothermia with
non-pulsatile cardiopulmonary bypass (CPB) and warm blood
cardioplegia, as described previously.29 Reconstruction of the aortic
arch was performed with deep hypothermic circulatory arrest and
selective cerebral perfusion. Conventional ultrafiltration was per-
formed in all patients to increase hematocrit to 40–45% and reduce
extravascular fluid retention by the end of CPB. Surgical complexity
was accounted for by the Basic Aristotle Complexity score.30 Data
were extracted from a prospectively collected database containing
daily information about the pre-, intra-, and postoperative
management of all patients undergoing surgery. The current vital
status of all patients was ascertained in the outpatient database, and
patients with no recent data were considered lost to follow-up.
Ethics
The project was reviewed and approved by the Ethics Committee of
the French Society of Thoracic and Cardiovascular Surgery, Paris,
France, who waived the need for specific patient or parental consent to
the use of records for this research, patient identifiers being removed.
Peritoneal dialysis
Indications for initiating PD included: physical evidence of total
fluid overload and positive fluid balance, inadequate urine output
(o1 ml/kg/h) or anuria unresponsive to fluid challenge and
intravenous furosemide for at least 4 h, concomitant low cardiac
output syndrome, acid–base or electrolyte disturbances (pHo7.30,
serum Kþ45.5 mmol/l), the ultimate decision being made by the
attending physician. Indications for withdrawal of PD included:
resolution of clinical edema with urine output sufficient to maintain
or negative fluid balance for at least 12 h, and correction of electrolyte
imbalance.
A Dacron double-cuffed silicone rubber peritoneal catheter
(Tenckhoff, Sherwood Medical GmbH, Schwalbach, Germany) was
inserted under general anesthesia below the umbilicus, both cuffs
left outside, either during the primary procedure in cases with long
durations of CPB, and/or deep hypothermic circulatory arrest, with
low cardiac output syndrome when separating from CPB, or
postoperatively. Each hour, 10–20 ml/kg of a commercially available
dialysate fluid with 500 IU heparin added per liter was irrigated
through a closed system into the peritoneum, and passively drained
after a short indwelling time (usually 20 min). Depending on the
target fluid balance, the dextrose concentration varied from 2.27 to
3.86%. Hourly fluid balance was calculated and dwell time adjusted
to achieve the maximum negative fluid balance tolerated by the
patient. Serum potassium was checked every 6 h and hypokalemia
corrected intravenously.
From the assumption of a causal relationship between CPB,
surgery, and the occurrence of postoperative AKI,31 time to PD was
accounted for by the delay between the day of surgery and the day
PD was commenced.
AKI stage
Postoperative AKI stage was assessed by the pRIFLE classification.24
The lowest postoperative CCr was estimated from the peak
postoperative SCr, measured with the Jaffe technique. Before
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October 2004, CCr was estimated according to the KDOQI
guidelines in effect through 2003. Since then, predictive formulas
calibrating for pediatric levels to the measured values, as
recommended in 2003, have been applied.32 Hence, for consistency,
the crude SCr, calculated retrospectively from the calibrated value
was used to estimate CCr with the Schwartz formula.33 SCr does not
allow reliable estimates of CCr in neonates younger than 48 h,26 in
whom a surrogate for baseline renal function had to be used. To
enable homogeneous assignment to postoperative AKI stages,
normal values for preoperative CCr were assumed in all patients,
according to the thresholds defined by the National Kidney
Foundation (41 ml/min per 1.73 m2 during the first week of life,
66 ml/min per 1.73 m2 from the second to the end of the seventh
week, and 96 ml/min per 1.73 m2 in older infants).19,32 AKI stage at
discharge was estimated from SCr at discharge.
Statistical analysis
Continuous normally distributed variables were expressed as means
and standard deviations (s.d.), otherwise as medians and inter-
quartile ranges and compared with the Student’s t- or Mann–
Whitney U-tests, as appropriate. Categorical variables were
expressed as numbers and percentages and compared with the
w2 test or Fisher’s exact test, as appropriate. Survival probabilities
were compared with the log-rank test. Lactate measurements
were missing for patients with surgery in 2000 and early 2001
(14 out of 146 patients), and imputed by the median of the recorded
values, a common and generally accepted practice.34
A previous study, assessing the association between time to
continuous veno-venous hemofiltration following cardiac surgery
and survival in adults, found a mean time to hemofiltation of 0.8
days in survivors and of 2.5 days in non-survivors.13 On the other
hand, the median delay to PD commencement was 1 day in the
present study. Accordingly, ‘early PD’ was defined as PD commenced
on the day of surgery or on the first day following surgery, and
‘delayed PD’ as PD commenced on the second day following surgery
or later. Because time to PD shortened and mortality decreased over
the study period, a regression and a Cox model adjusted on the year
of operation were used to assess independent associations between
30-day and 90-day mortality rates, respectively, and time to PD.
A propensity score methodology was used to control for bias due
to selection of patients placed on PD early, using the IPTW method.
This method has been shown to have superior performance in
estimation of risk differences in observational studies.35 First, a
propensity score model included preoperative and surgical char-
acteristics that could have influenced the decision of early placement
on PD and CCr variation at initiation of PD. It estimated the
probability for each study subject to be placed on PD early. Then,
the contribution of each subject was weighted by 1/propensity score
for early PD subjects, and by 1/(1propensity score) for delayed PD
subjects. These weights assured that, for each combination of the
covariates used in the propensity score model, the sum of the
contributions of all subjects is equal. Balance on covariates between
groups after the IPTW weighting was assessed by computing their
standardized differences,35 and groups were considered balanced if
the standardized differences of all covariates were o0.25.36 Short-
term outcome variables were compared using IPTW weighted
regression models, and 90-day mortality using an IPTW weighted
Cox model. Results were expressed as absolute and relative average
treatment effect, and 95% confidence intervals were estimated by
boot-strapping from 200 re-samples. Statistical significance was set
to Po0.05. Analyses were performed with R software version 2.10.1
for Windows, using the ‘Design’ and ‘Survey’ packages (http://
www.r-project.org, last accessed 24 May 2011).
CONCLUSION
AKI requiring RRT after cardiac surgery was associated with
high mortality rates in this population of neonates and
infants. Early initiation of PD was associated with significantly
lower 30-day and 90-day mortality rates. Potential biases due
to the long study period might have limited the validity of
these results and further studies are needed before providing
early RRT strategy after cardiac surgery in neonates and
infants with AKI.
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